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1. Introduction 
Epilepsy is one of the most serious neurological disorders affecting about 0.5-1% of the 
world population. There is no definite radical therapy against epilepsy; however, actual 
therapy includes simple inhibition of epileptic activity. Apart from effective drugs against 
epilepsy, plant extracts as well as essential oils, which have been used for generations by 
humans to treat the disease, are considered nowadays as potential bioactive agents that can 
interfere and alter cellular physiological processes involved in epileptogenesis. However, 
the exact underlying mechanisms and the electrophysiological consequences of action of 
most medicinal herbs are still not known.  
Recently, we have reported that the essential oil of Anise, Pimpinella anisum L. (Apiaceae), 
which is one of the oldest known and highly used spice plants in the folk medicine, causes 
hyperexcitability at the cellular level and changes the neuronal firing pattern from a regular 
tonic discharge to an irregular and then to bursting mode in normal cells or potentiates the 
burst firing and the steepness of the paroxysmal shift induced by PTZ treatment (Janahmadi 
et al., 2008). However, we have also shown that some herbs, including Cuminum cyminum 
(Janahmadi et al, 2006) and Artemisia drancunculus (Farajnia et al., 2011), can inhibit the 
epileptiform activity induced by PTZ, a well known convulsant agent. This sort of 
contradictory effect of herbal essential oils and extracts is one reason why a certain caution is 
needed when medicinal herbs are used to treat patients suffering from epilepsy. The present 
work is focused on comparison of the electrophysiological consequences of essential oil and 
extract of Tarragon on PTZ-induced neuronal hyperexcitability in snail for the first time. In 
addition, the effect of anethole, the chief ingredient of many aromatic herbs, including anise 
and tarragon, on normal neuronal excitability is also tested.  
Tarragon or dragon's-wort (Artemisia dracunculus) is a perennial herb in the family 
Asteraceae related to wormwood that exerts radical-scavenging activities (Parejo et al., 
2002), antifungal and antitumor effects (Zani et al., 1991; Meepagala et al., 2002) and 
antiepileptic activities (Sayyah et al., 2004; Farajnia et al., 2011). In Iranian traditional 
medicine, the dried aerial parts of this plant were mentioned as a treatment for epilepsy 
(Aqili Khorasani, 1992). The composition of the essential oil of Iranian A. dracunculus was 
reported to include trans-anethole and α-trans-ocimene as the major constituents (21.1% and 
20.6%, respectively). More recently, we demonstrated the dual effects of anethole on Ca2+-
dependent excitability in snail neurons: at low concentration anethole caused a significant 
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reduction in the firing frequency and enhancement of AHP amplitude, but at high 
concentration it significantly increased the firing frequency and also decreased the AHP 
amplitude (Ghasemi et al., 2011). Anethole (1-methoxy-4-(1-propenyl)-benzene), which is 
largely used in industry as a flavor or as a odorant, possess several potential 
pharmacological activities such as depressive action on motor system (Boissier et al., 1967), 
anticarcinogenic (Al-Harbi et al., 1995), antioxidant (Freire et al., 2005), anti-inflammatory, 
(Chainy et al., 2000) and anesthetics activity (Ghelardini et al., 2001). It was suggested that 
some of the essential oils (e.g. anise) containing monoterpenoids especially trans-anethole 
exert anticonvulsant activity (Sayyah et al., 2004). Pimpinella anisum is another aromatic herb 
which contains anethole as its main constituent. Anise is native to the eastern Mediterranean 
and is a plant rich in volatile oils, which are employed in traditional Asian folk medicine. 
Water and ethanol extracts of Pimpinella anisum seed have several potent therapeutic effects 
including antioxidant and antimicrobial activities (Gülçin et al., 2003). The essential oil of 
anise has also been reported to exert both fungicidal and antibacterial actions (Soliman and 
Badeaa, 2002; Singh et al., 2002) and anticonvulsant activity (Pourgholami et al., 1999). In 
contrast, we have recently shown that the essential oil of anise produces neuronal 
hyperexcitability and potentiates PTZ-induced epileptiform activity in snail by enhancing 
the Ca2+ channels activity or inhibition of voltage and /or Ca2+ dependent K+ channels 
function (Janahmadi et al., 2008). We believe that this effect might be due to anethole, the 
chief constituent of the essential oil of anise. Thus, the main aims of this study are: (1) to 
compare the electrophysiological effect of Tarragon extract with that of its essential oil, (2) to 
test the cellular effect of anethol on neuronal excitability, using intracellular recording 
method under current clamp condition.  
2. Materials and methods 
Electrophysiological recording was performed on the soma membrane of neurons from sub-
oesophageal ganglia of Helix aspersa (Iranian garden snail). The snail brain consists of a 
circum-oesophageal ring of nine ganglia. Two are dorsal supra-esophageal (the cerebral 
ganglia) and the remaining seven constitute the suboesophageal ganglia (Kerkut et al., 
1975). Snail neurons are often large and located peripherally. It is therefore possible to work 
on a specific neuron from on preparation to another because they can be consistently 
identified on the basis of their size and location. In the present study, we will focus on F1, 
the largest neuron located in right parietal ganglion (Fig.1).  
Adult Iranian garden snails were collected from north of Iran and were kept in a dormant 
state until they were used. The day before experimentation, animals were activated by 
wetting and then they were anaesthetized by injecting them with 2 ml of 50 mM MgCl2. The 
shell was removed with bone forceps and the snail with its head extended was pinned out 
on a cork board. Next, the circum-oesophageal ganglia were removed from the animal, 
keeping the nerves and aorta attached to the ganglia as long as possible. Then, the 
ganglionic mass with its main peripheral nerves and aorta was placed in a recording 
chamber, lined with Sylgard 170 (Dow corning Midland, MI, USA) containing normal snail 
Ringer solution (in mM): NaCl 80, KCl 4, CaCl2 10, MgCl2 5, Glucose 10, Hepes 5 (Taylor, 
1987). In order to expose F1 neuron, the connective tissue overlying the ganglia were gently 
torn using two pairs of fine forceps without any pre-treatment with proteolytic enzymes. F1 
cell was visually identified by its size, color and location within the right parietal ganglion 
(Kerkut et al., 1975). These procedures were in accordance with the guidelines of the 
Institutional Animal Ethics Committee at Shahid Beheshti University of Medical Sciences. 
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Fig. 1. (A) Scheme redrawn from Kerkut et al. (1975) showing the nine ganglia of the H. 
aspersa circum-oesophogeal ganglia and the four main peripheral nerves. The cell body of F1 
(in grey colour) is located in the RPG (A left cerebral ganglion, B right cerebral ganglion, C 
LPlG, D LPG, E VG, F RPG, G RPlG, H left pedal ganglion, I right pedal ganglion, LPN left 
pallial nerve, RP right pallial nerve, VN visceral nerve, AN anal nerve). (B) F1 neuron was 
stained intracellularly by the injection of Lucifer Yellow (5nA hyperpolarizing current pulses 
of 500ms duration).  
2.1 Intracellular electrophysiological recording 
Sharp intracellular recording was done using Axoclamp 2B amplifier (Axon instrument, 
Foster City, CA, USA) at room temperature (22-250C) in snail Ringer. Each cell was impaled 
with single electrode (5-7MΩ). Electrode was filled with 3MKCl and in some cases with 
Lucifer Yellow. The reference electrode in all experiments was a silver-silver chloride wire 
within an agar bridge (%4 agar in snail Ringer). The above set-up and recording equipment 
were kept in a Faraday’s cage.  
Intrinsic spontaneous neuronal activity was recorded under conventional current clamp in 
real time by testing, before (control), and after application of drugs. Five sets of experiments 
were done. The first and second sets of experiments were conducted in order to examine the 
cellular and antiepileptic effects of essential oil of Tarragon alone or on the PTZ-induced 
epileptiform activity, respectively. In the third and fourth sets of experiments, the cellular 
and antiepileptic actions of Tarragon extract alone or against the epileptogesis induced by 
PTZ were assessed, respectively. The sixth set of experiment was performed to evaluate the 
electrophysiological effect of anethole on normal neuronal excitability in snail. Data were 
filtered at 30 kHz, voltage records were sampled at 20 kHz and digitized online using a 16 
bit A/D converter (ADInstrument Pty Ltd., Sydney, Australia) and stored for further 
analysis using Chart 5 and MATLAB softwares. The following electrophysiological 
parameters of spikes were considered in particular: The firing pattern, the firing frequency, 
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the resting membrane potential (RMP), the half-width of action potential (AP), The AHP 
amplitude, the AP amplitude. AP amplitude was defined as the change in voltage from the 
RMP to the peak of AP and its duration was measured at mid amplitude. The AHP 
amplitude was measured from the RMP to the peak negativity after an AP and the duration 
was measured as the time required declining to 80% of its peak value. The firing regularity 
was assessed using the coefficient of variation (CV) of interspike intervals (ISI) of 
spontaneous activity (CV=ISI S.D / mean ISI). 
2.2 Plant material and drugs  
The aerial parts of Artemisia dracunculus were collected from the north of Iran in April 
(2006). A. dracunculus was authenticated by M. Kamalinejad and a voucher specimen (no. 
861) was deposited in the herbarium of Faculty of Pharmacy, Shahid Beheshti University of 
Medical Sciences, Tehran. The plant materials were dried, far from direct sunlight. Then 
1000ml of ethanol (96%) was added to the dried leaves and kept at room temperature for 
48h. Thereafter, it was filtered and the alcohol was evaporated using rotary evaporator and 
dried extract was obtained.  
2.3 Isolation of the essential oil 
The aerial parts of A. dracunculus were subjected to hydrodistillation for 3 h using a 
clevenger apparatus. The plant yielded 4% (v/w) essential oil. The essential oil was kept 
protected from light at 4°C (Sayyah et al., 2004). The final concentrations of 0.1% and 
0.005%, required to influence the neuronal excitability for Tarragon extract and its essential 
oil, respectively, were chosen on the basis of the preliminary experiments. 
Anethole (0.99%) was purchased from Sigma (St. Louis, MO, USA), dissolved in Ringer 
solution and was applied at final concentrations of 0.5% and 2%. Then the diluted anethole 
solution prepared in normal Ringer was perfused into the experimental chamber at a rate of 
approximately 2.5ml/min.  
Pentylenetetrazol (PTZ, Sigma) was applied (25mM) into the bathing solution. Extract of 
Artemisia dracunculus was dissolved in absolute ethanol at a final concentration of 1% and 3% 
(the final concentration of vehicle in the perfusion solutions was 0.3% (v/v). The same 
concentration of vehicle had no effect on bioelectrical activity of neurons. The pH of 
solutions was adjusted to 7.8 with either Trizma hydrochloride or Trizma base (Sigma). Each 
solution was superfused into the experimental chamber at a rate of approximately 2.5 
ml/min. 
2.4 Statistical analysis 
Numerical results are given as mean ± S.E.M., with n being the number of cells on which the 
measurement was done. Significant differences between the groups were evaluated using a 
student t-test or one way ANOVA and P < 0.05 was considered to be significant.  
3. Results 
3.1 Tarragon essential oil altered the neuronal excitability more robust than  
its extract 
In normal Ringer, neurons showed spontaneous regularly spaced action potentials (Fig. 2) 
with a frequency of 0.9 ± 0.05 Hz and a mean duration of 8.02 ± 0.05 ms (n=6, Fig.3).  
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Fig. 2. Tarragon essential oil and its extract affect differentially F1 neuronal firing activity. 
(A) Spontaneous regular tonic firing activity in control condition. Application of Tarragon 
extract (0.1%) caused an increase in the firing rate associated with an irregular discharge 
activity after 10 min (B). However, Tarragon essential oil alone led to a neuronal 
hyperexcitability after 5min (C) followed by a distinct PDS (asterisk) after 10min of 
application (D). The inset shows superimposed action potentials recorded in control and 
after treatment with either Tarragon essential oil or its extract alone. 
 
 
Fig. 3. Electrophysiological consequences of Tarragon application on action potential 
parameters in F1 neurons. Tarragon essential oil and its extract altered the AP configuration, 
as the essential oil profoundly increased the firing frequency and AP duration, but 
decreased the AHP amplitude. Tarragon extract also increased the firing rate and decreased 
the AHP, but to a lesser extent than did its essential oil. **, ***, significantly differences 
(P<0.01, P<0.001) from controls and ‡‡‡, significant difference (p<0.001) from Tarragon 
extract treated group.  
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Single action potentials were followed by AHP with mean amplitude of -14.75 ± 0.21mV 
(Fig. 3). When Tarragon essential oil was applied alone in the normal recording solution, 
within 10min caused a significant increase in the firing frequency (2.24±0.58Hz) compared 
to control and Tarragon extract (1.28±0.3 Hz, P<0.001), although exposure to the extract 
alone also produced a significant (P<0.01) increase in the excitability when compared to the 
normal excitability (Fig.3). Following addition of essential oil to normal Ringer solution, F1 
neurons displayed a clear paroxysmal depolarization shift (PDS; Fig.2).Treatment with 
essential oil, furthermore, significantly resulted in a prolongation of action potentials 
(16.61±0.11ms, P<0.001) both compared to control and extract alone (8.35±0.14ms). However, 
there was no significant difference between the AP duration measured in control condition 
and after application of Tarragon extract (Fig. 3). Exposure to both Tarragon extract and 
essential oil caused a significant reduction in the AHP amplitude; however, this inhibitory 
effect was more profound in essential oil-treated neurons (Fig.3). Neither essential oil nor 
extract affected significantly the resting membrane potential of F1 cells (-43.63±0.6mV in 
control; -42.99±0.56mV and -42.16±1.88mV in the presence of essential oil and extract, 
respectively). 
3.2 Tarragon extract, but not essential oil, attenuated the PTZ-induced 
hyperexcitability 
In order to investigate and compare the potential antiepileptic effects of Tarragon essential 
oil and its extract, PTZ (25mM) was added to the normal Ringer solution. Neuronal 
exposure to PTZ resulted in a significant increase in the spontaneous firing activity 
associated with a paroxysmal depolarization shift and bursting (Figs.4&5A-A’). In addition, 
PTZ significantly increased the AP duration and decreased the AHP amplitude (Figs. 5B-B’ 
and 5C-C’). When, the essential oil of Tarragon was added to the Ringer solution containing 
PTZ , the firing frequency remained almost unchanged and even worsen the bursting 
activity, however the duration of AP and the amplitude of AHP were further significantly 
increased and decreased, respectively (Figs.4&5A).  
In contrast to these effects, treatment with Tarragon extract following PTZ application did 
not significantly affect the AP half-width (Fig. 5B’), but significantly decreased the firing 
frequency and the AHP amplitude (Figs.5A’ &C’). Tarragon extract also caused the PTZ-
induced PDS to be disappeared and changed the burst activity into almost regular firing 
interrupted occasionally by a silent period associated with inhibitory postsynaptic potentials 
(IPSPs) (Fig.4). 
3.3 Anethole, one of the major components of the essential oil of Iranian  
A. dracunculus, had differential effects on normal neuronal firing excitability 
To characterize the electrophysiological consequences of neuronal exposure to anethole on 
normal excitability, a low (0.5%) and a high (2%) concentrations were chosen on the basis of 
our previous work (Ghasemi et al., 2011).  
Application of 0.5% anethole did not significantly change the RMP, but at its higher 
concentration (2%) hyperpolarized the cell resting membrane potential (data not shown) 
and altered the neuronal firing pattern from a regular spiking observed in control or  
in the presence of extract to an irregular hyperexcitable pattern often followed by a  
PDS (Fig.6).  
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Fig. 4. Effects of Tarragon extract and essential oil on PTZ-induced epileptiform activity. (A) 
Spontaneous regular activity of a representative neuron under control condition. Following 
PTZ application, the cell became hyperexcitable and a PDS (asterisk) was appeared (B, left 
trace) and later the firing pattern was changed from tonic spiking to burst firing (B, right 
trace). Addition of Tarragon essential oil (0.005%) in the presence of PTZ worsened the PTZ-
induced hyperexcitability and in this condition cell continued to exhibit burst firing (C). 
Tarragon extract at concentration of 0.1%, however, decreased the PTZ-induced epileptiform activity 
and caused disappearance of PDS observed in the presence of PTZ alone. Neuronal firing 
was interrupted by IPSPs when normal Ringer containing PTZ+Tarragon extract was 
perfused.  
Anethole at both concentrations resulted in a significant increase in the firing frequency, but 
to a much greater extent after 2% anethole (from 0.8±0.03Hz in control condition to 
3.11±0.09Hz and 4.13±0.03Hz after exposure to 0.5% and 2% anethole, respectively, Fig.7A). 
However, anethole at concentrations of 0.5% and 2% affected differently the discharge 
regularity, as evidenced by coefficient of variations (CV) measured in different condition. 
Perfusion of normal Ringer containing anethole 0.5% slightly increased the firing 
irregularity (CV= 0.22 after anthole 0.5% versus 0.19 in control condition), whereas 2%  
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Fig. 5. The effect of anethole, the main constituent of Iranian A. Dracunculus, on firing 
activity of F1 neurons. Somatic conventional intracellular recording of spontaneous intrinsic 
firing F1 neuron in normal Ringer (A),after application of anethole at concentration of 0.5% 
(B) and following treatment with anethole 2% (C). Application of anethole at higher 
concentration clearly caused a neuronal excitability and elicited a PDS (asterisk).  
anethole increased the firing precision as defined by smaller CV (0.03). Furthermore, 
anethole induced differential effect on the AHP that followed AP. At concentration of 0.5% 
it caused a significant reduction in the AHP amplitude, but at 2% produced a significant 
increase in the AHP, both compared to control and anethole 0.5% (Fig. 7C). Both high and 
low concentrations of anethole caused also a significant shortening of AP compared to 
control group, although this effect was more potent in 2% anethole-treated group when 
compared with 0.5% anethole (Fig.7B). 
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Fig. 6. The effect of anethole, the main constituent of Iranian A. Dracunculus, on firing 
activity of F1 neurons. Somatic conventional intracellular recording of spontaneous intrinsic 
firing F1 neuron in normal Ringer (A),fter application of anethole at concentration of 0.5% 
(B) and following treatment with anethole 2% (C). Application of anethole at higher 
concentration clearly caused a neuronal excitability and elicited a PDS (asterisk).  
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Fig. 7. Effects of anethole treatment on action potential characteristics. Effects of anethole 
treatment on (A) firing frequency, AHP amplitude (B) and on the AP duration (C). ***, 
significantly different (P<0.001) from control; ‡‡‡, significant different (P<0.001) from the 
0.5% anethole- treated group. 
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4. Discussion 
Invertebrates have often been used as an experimental model for investigating the cellular 
mechanisms of the effect of many convulsant and anticonvulsant agents. It has been 
reported that convulsant drugs such as PTZ induces a potential pattern in molluscan 
neurons which closely resembles the epileptic activity of mammalian neurons, called PDS 
(Goldensohn and Pupura, 1963; Matsumoto and Ajmone Marsan, 1964; Sugaya et al., 1973). 
In invertebrate neurons, following application of PTZ, the endogenous mechanisms are so 
pronounced that PDS may still be recorded even after complete inhibition of synaptic inputs 
(Faugier-Grimaud, 1974; Speckmann and Caspers, 1973). Ion channel currents underlying 
action potentials have been shown to participate in the generation of epileptic discharges as 
well as in the actions of antiepileptic drugs. Among these channels, calcium and voltage-
dependent K+ channels play a crucial in the repolarization and hyperpolarization that 
follows PDSs. The knowledge of the cellular mechanisms of action of the medicinal plants 
with antiepileptic potential is allowing the design of new therapeutic approaches possibly 
with fewer side effects. Aromatic spice plants have been used traditionally as food and for 
medicinal purposes in the therapy of some diseases for a long time in the world. Essential 
oils and extracts in these plants are used extensively in medicine and in the food and 
cosmetic industries. Although, there is a distinct difference between pure essential oils and 
simple plant extracts, the mechanisms of these at the cellular level have not been completely 
elucidated yet. As an aromatic plant, Tarragon (A. dracunculus anisum L.) is a perennial herb 
in the family Asteraceae that exerts several therapeutic effects.  
In traditional medicine, the fruit and dried aerial parts of Tarragon were used as a 
treatment for epilepsy, toothache and diarrhea (Zargari, 1989). The plant is mildly 
sedative (Sayyah et al., 2004) and has been taken to aid sleep (Chevallier, 1996). Recently, 
the anticonvulsive activity of essential oil of Artemisia dracunculus in a rat model of 
epilepsy has been shown. It is reported that the monoterpenoids especially trans-anethole, 
pinene and methyl eugenol present in the essential oil, mediates its anticonvulsant 
activity (Sayyah et al., 2004). 
 The present study compared the electrophysiological consequences of Tarragon essential oil 
and its extract alone and on the PTZ-induced epileptiform activity. Moreover, alterations in 
the parameters of the action potentials upon application of anethole as a major component 
of Iranian Tarragon on neuronal cells were also investigated. In our previous work we 
reported that the fruit essential oil of Pimpinella anisum L. (Umblliferae), which contains 
anethole, not only did not show antiepileptic activity but also induced neuronal 
hyperexcitability (Janahmadi et al., 2008). On the other hand, we have also showed that both 
the essential oil of cuminum cyminum and low concentration (0.05%) of Tarragon extract 
exhibit antiepileptic activity (Janahmadi et al., 2006; Farajnia et al., 2011).  
The results obtained here showed that the essential oil of Tarragon not only does not 
show any antiepileptic activity at concentration of 0.005%, but also worsened the 
epileptiform activity induced by PTZ. Whereas, Tarragon extract, at even higher 
concentration (0.1%) than that we have reported more recently, can reduce and modulate 
PTZ-induced neuronal hyperexcitability. Furthermore, the finding showed that anethole 
affects the normal neuronal excitability in a concentration manner. The neuronal 
excitability and the firing patterns are balanced by the activity of many ion channels, 
including voltage and Ca2+-activated K+ (SK and BK) channels (Faber et al., 2005; Crest 
and Gola, 1993; Arai et al., 2004).  
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Here, it was found that both essential oil and extract of A. dracunculus led to a decrease in 
the amplitude of AHPs and the essential oil, but not extract prolonged the AP duration. In 
snail neurons, spike duration and AHP amplitude are determined by a set of potassium 
channels which underlie fast and delayed outward K+ currents (Bal et al. 2000; Sakakibara 
et al. 2005; Solntseva 1995; Thompson 1977). There are also two classes of Ca2+ activated 
K+ channels (KCa); the large conductance Ca2+ activated K+ channels (BK channels) and the 
small conductance Ca2+ activated K+ channels (SK) (Crest and Gola 1993; Hermann and 
Erxleben 1987). SK channels mediate a Ca2+-activated afterhyperpolarizing current, IAHP, 
in most nerve cells, whereas large conductance Ca2+-activated K+ (BK) channels are 
responsible for the fast afterhyperpolarization (fAHP). Both types of channels are 
activated during the action potential causing a transient hyperpolization of the cell 
membrane. This produces the AHP which in turn inhabits further AP firings. Therefore, 
the decrease in AHP and the increase in the firing rate particularly in the presence of 
Tarragon essential oil could be partly related to the possible inhibition of KCa channels. 
However, the increase in the duration of AP following Tarragon oil treatment might be 
due to the inhibition of Na+ and/or voltage-gated K+ channels. It has now been reported 
that very small influxes of Na+ through voltage-gated Na+ channels activate a K+ 
conductance which play an important role in determining AP duration in both vertebrate 
and invertebrate neurons (Bader et al.,1985; Hartung, 1985; Dryer et al., 1989; Budelli et 
al., 2009).  
On the other hand, the results of the second sets of the experiments suggest that Tarragon 
extract has a potential antiepileptic effect. The decrease in the PTZ-induced 
hyperexcitability, the unchanged AP duration and the pause between active periods clearly 
indicate that the crude extract of Tarragon can alleviate the epileptiform activity partly 
through the activation of K+ channels or receptor dependent ion channels. 
It has been reported that epileptic activity can be suppressed by drugs that enhance gamma 
amino butyric acid-type A (GABAA) receptor-mediated inhibitory neurotransmission, such 
as benzodiazepines and phenobarbital (Macdonald and Kelly, 1995). The presence of 
anticonvulsant benzodiazepines in alcoholic extract of A. dracunculus supports the 
antiepileptic potential of extract (Kavvadias et al., 2000). The appearance of IPSPs during 
quiescence period recorded between firing activity in the presence of Tarragon extract, 
therefore, could be due to the activation of GABAA receptors. However, Tarragon essential 
oil worsened the PTZ-induced profound hyperexcitability, as evidenced by a significant 
increase in the firing frequency and reduction in the AHP amplitude. The stronger 
antiepileptic activity of Tarragon alcoholic extract than its own essential oil could be 
attributed to the benzodiazepine in the extract (Kavvadias et al., 2000), as we have more 
recently reported that picrotoxin, a GABA antagonis, eliminates the IPSPs-induced by 
Tarragon extract at concentration of 0.05% (Farajnia et al., 2011). However, potentiation of 
PTZ-induced epileptiform activity possibly could be due, in part, to the existence of some 
active component, such as anethole. In the present study, we found that anethole at higher 
concentration (2%), but not at lower concentration (0.5%) produces hyperexcitability and 
paroxysmal depolarization shift very similar to that of induced by PTZ in Na+ Ringer 
solution. We have more recently demonstrated that anethole affects the Ca2+-dependent 
excitability and Ca2+ spike characteristics in a concentration manner (Ghasemi et al., 2011). 
Therefore, it can be speculated that anethole 2% increases the neuronal hyperexcitability 
directly or in directly through activation of outward K+ channels, including KCa, as 
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evidenced by a significant increase and decrease in the AP duration and AHP amplitude, 
respectively.  
The stronger antiepileptic activity of alcoholic extract of Tarragon than its own essential oil 
could be attributed to the benzodiazepine in the extract (Kavvadias et al., 2000), as we have 
more recently reported that picrotoxin, a GABA antagonist, eliminates the IPSPs-induced by 
0.05% Tarragon extract (Farajnia et al., 2011). However, potentiation of PTZ-induced 
epileptiform activity by essential oil possibly could be due to the existence of some active 
component, such as anethole. In the present study, we found that anethole at higher 
concentration (2%), but not at lower concentration (0.5%) produces hyperexcitability and 
paroxysmal depolarization shift very similar to that of induced by PTZ in Na+ Ringer 
solution. Anethole treatment at concentration of 2% enhances the AHP amplitude which in 
turn hyperpolarizes the cell membrane and thereby removes sodium channels inactivation 
and increases the availability of these channels. The availability of Na+ channel, which is 
strongly regulated by AHP-induced hyperpolarization, is known to regulate the firing 
regularity and increases the firing excitability (Patlak, 1991; Vervaeke et al., 2006; Mecer et 
al., 2007). 
It is likely the augmentation of the amplitude of AHP following treatment with anethole 2% 
could be caused by activation of voltage and/or particularly calcium dependent potassium 
channels, which play an important role in neuronal discharge regularity. it is generally 
accepted that AHP amplitude is reversely correlated with the firing frequency (Madison and 
Nicoll, 1984; Hallworth et al., 2003; Vatanparast and Janahmadi, 2009) and blockade of these 
channels disrupts the precision of firing and produces less regularity in firing (Haghdoust et 
al., 2007; Hallworth et al., 2003; Sausbier et al., 2004; Walter et al., 2006). Therefore, 
increasing the firing precision and regularity, as evidenced by a significant increase in the 
AHP amplitude and a decrease in CV following exposure to 2% anethole here in F1 cells, 
could be possibly attributed to the opening of KCa channels. 
We have more recently demonstrated that anethole affects the Ca2+-dependent excitability 
and Ca2+ spike characteristics in a concentration manner (Ghasemi et al., 2011).  
In conclusion, findings of the study suggest that herbal medicine may be considered a s a 
two-edged sword since some of the medicinal essential oils (such as anise and Tarragon oils) 
and the compounds isolated from them (e.g. anehole) have potential capacity to induce 
neuronal hyperexcitability and epileptiform activity or alternatively their own crude 
extracts may possess antiepileptic activity. Therefore, when they are used for treating 
patients suffer from epilepsy, a certain caution is needed. 
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